The origins and dispersal of farming and pastoral nomadism in southwestern Asia are complex, and there is controversy about whether they were associated with cultural transmission or demic diffusion. In addition, the spread of these technological innovations has been associated with the dispersal of Dravidian and Indo-Iranian languages in southwestern Asia. Here we present genetic evidence for the occurrence of two major population movements, supporting a model of demic diffusion of early farmers from southwestern Iran-and of pastoral nomads from western and central Asia-into India, associated with Dravidian and Indo-European-language dispersals, respectively.
of animals, which is thought to have led to dramatic population expansions in Eurasia. Pastoral nomadism developed in the grasslands of central Asia east of the Volga-Don region, as well as in southeastern Europe, opening up the possibility of rapid movements of large population groups (Zvelebil 1980) . The spread of these new technologies has been associated with the dispersal of Dravidian and Indo-Iranian languages in southern Asia (Renfrew 1987; Cavalli-Sforza 1988) . Specifically, Elamo-Dravidian languages (Ruhlen 1991) , which may have originated in the Elam province (Zagros Mountains, southwestern Iran), are now confined to southeastern India and to some isolated groups in Pakistan and northern India. It is hypothesized that the protoElamo-Dravidian language, spoken by the Elamites in southwestern Iran, spread eastward with the movement of farmers from this region (Cavalli-Sforza et al. 1994; Renfrew 1996) . A later episode, the arrival of pastoral nomads from the central Asian steppes to the Iranian plateau, ∼4,000 YBP, brought with it the Indo-Iranian branch of the Indo-European language family, which eventually replaced Dravidian languages in Iran and most of Pakistan and northern India, perhaps by an elitedominance process (Renfrew 1987 (Renfrew , 1996 Cavalli-Sforza 1988) . The incursion of these "Aryan" peoples coincided (2000) a Data from the present study are underlined. b For HG 9 and HG 3, the allelic-state combinations of the 11 biallelic markers analyzed- SRY-1532, YAP, SRY-8299, sY81, 12f2, M9, 92R7, SRY-2627, LLY22g, Tat, and RPS4Y-are G, Alu -, G, A, 8 kb, C, C, C, C, T, and C; and A, Alu -, G, A, 10 kb, G, T, C, C, T, and C, respectively. NT p not tested.
c Divided on the basis of geographical origin (ascertained until the grandfather's generation): Zagros Mountains (Kordestan, Lorestan, Elam and Khuzestan), western Caspian (Gilan), eastern Caspian (Mazandaran), central-north (Zanjan, Markazi, Hamadan, and Semnan), central-south (Fars, Esfahan, and Hormozgan), and eastern provinces (Khorasan, Baluchestan, and Kerman).
with the decadence of important Neolithic cultures, such as the Harappan civilization, by ∼3,000-4,000 YBP.
To date, there is little genetic evidence to support or contradict these linguistic and archeological observations, and the genetic impact of these events has not been evaluated. In the present study, a set of 459 Y chromosomes from several populations located in a key geographical position between the Fertile Crescent, central Asia, the Indus valley, and northern India (table 1) were analyzed, and the results were compared with data from neighboring Pakistani populations. Y-chromosome haplogroups (HGs) were defined by the analysis of 11 biallelic markers (SRY-1532, YAP, SRY-8299, sY81, 12f2, M9, 92R7, SRY-2627, LLY22g, Tat, and RPS4Y) Rosser et al. 2000 , and references therein). Two Y-chromosome lineages, HG 9 and HG 3, show frequency clines that may reflect population movements in southwestern Asia ( fig. 1A and B) . The frequency distribution of these two HGs in the study populations is reported in table 1, together with relevant data from the literature. HG 9, defined by the 12f2 deletion, is largely confined to caucasoid populations, with its highest frequencies being found in Middle Eastern populations ( fig. 1A ). This HG has been proposed as an indicator of the demic diffusion of farming in Europe (Semino et al. 1996) . In Iranian populations, HG 9 shows very high frequencies (∼30%-60%). Populations from the southeastern Caspian region and the Zagros Mountains exhibit the highest frequencies so far observed (∼60%) ( fig. 1A) . High frequencies of HG 9 have been found throughout the Fertile Crescent region (Hammer et al. 2000) : Palestinians, 51%; Lebanese, 46%; and Syrians, 57%. The incidences of HG 9 in Pakistan (18%) and northern India (19%) indicate a decreasing-frequency cline from Iran toward India.
The most likely region of origin of a given HG can be recognized on the basis of two characteristics: it has the highest frequency and the highest diversity. Founder effects and drift in small populations can also lead to high HG frequencies, but this will usually affect neighboring populations differently and be accompanied by low diversity. Genetic diversity within HG 9 was therefore examined by the typing of HG-9 chromosomes from populations in Iran, Pakistan and India, at six microsatellite loci (DYS19, DYS388, DYS390, DYS391, DYS392, and DYS393) . If the number of mutations has been low, the haplotype (Ht) that underwent expansion is likely to be the one with the most common allele for each short tandem repeat (STR) (in this case, Ht 13: 14-15-23-10-11-12). This Ht is present in our sample and is most frequent in the Iranian populations examined, as illustrated in the median-joining network (Bandelt et al. 1999) (fig. 2 ). Both the high incidence and the global haplotypic diversity of Iranian HG-9 chromosomes ( ), which are scattered throughout the median-D p .97 joining network, suggest that this region was the geographical origin of HG 9. Consistently, high haplotypicdiversity values of HG-9 chromosomes are also observed in the Zagros Mountains ( ) and southeastern D p .97 Caspian regions ( ), where HG 9 exhibits its high-D p .98 est frequencies. These STR diversity values argue against drift being responsible for the increased HG-9 frequencies in these regions. Altogether, the clinal variation and haplotypic diversity of this Y-chromosomal lineage support a model in which farming dispersal was accompanied by major population movements, probably originating in what was historically defined as Elam, towards the Indus valley, and this movement was associated with the dispersal of Dravidian languages (Renfrew 1996) . HG 3, defined by a back mutation at SRY-1532, is virtually absent from African, eastern Asian, and Native American populations and is found at its highest frequency in central Asia (Hammer et al. 1998; Karafet et al. 1999; Zerjal et al. 1999 )-Russia, 50% and the Altai, 52%-with a decreasing-frequency cline westward into Europe (Zerjal et al. 1999; Rosser et al. 2000 (Hammer et al. 2000) are taken into account, the frequency pattern of HG 3 in southwestern Asia (table 1) supports the idea that Indo-European speakers spread from Central Asia
Figure 2
Median-joining network (Bandelt et al. 1999) showing phylogenetic relationships of Iranian Y-chromosomes Hts within HG 9. The network contains 44 Y-microsatellite Hts represented in a sample of 80 Y chromosomes. Microsatellite Hts, defined by states at six microsatellite loci-DYS19, DYS388, DYS390, DYS391, DYS392 and DYS393-are represented by circles with area proportional to their frequencies in the sample. Branch lengths are proportional to the number of mutational steps and parallel links in a reticulation represent the same mutational changes. The putative ancestral Ht, Ht 13 (14-15-23-10-11-12), is labeled with an asterisk (*).
into modern Iran via an eastern-Caspian route, as well as into India. The relatively high frequency and haplotypic diversity ( ) of HG 3 in our Indian sample suggests D p .90 that the number of individuals entering from the west was large. This view is supported by the presence of HG 3 throughout most of the Indian subcontinent (table 1), showing that this lineage spread over a vast area.
As a result of coalescence analysis, the mutations defining HG 9 and HG 3 have been dated to ∼14,800 and ∼7,500 YBP, respectively (Karafet et al. 1999; Hammer et al. 2000) . We have used microsatellite-diversity analysis to estimate the most recent common ancestor of our set of Iranian, Pakistani, and Indian HG-9 and HG-3 chromosomes, through use of the mean variance of microsatellite repeats, averaged across the six loci (Slatkin 1995; Kittles et al. 1998) . We have estimated a Ychromosomal microsatellite mutation rate by pooling the data available in the literature (Heyer et al. 1997; Bianchi et al. 1998; Foster et al. 1998; Kayser et al. 2000) , for the six microsatellite loci used in our study. Thus, 10 mutational events in a total of 5,431 meioses were observed, giving an average mutation-rate (m) estimate of (95% confidence interval [CI] 9.8 # 10 -3.1 # 10 Iran (.57) 6,300 (3,700-11,600) 9,500 (5,500-17,400) Pakistan (.47) 5,200 (3,000-9,600) 7,800 (4,500-14,400) India (.36) 4,000 (2,300-7,300) 6,000 (3,500-11,000) HG 3:
Iran (.38) 4,200 (2,500-7,800) 6,300 (3,700-11,600) Pakistan (.37) 4,100 (2,400-7,600) 6,200 (3,600-11,300) India (.33) 3,700 (2,100-6,700) 5,500 (3, 100) a Of the microsatellite repeats, averaged across loci. b YBP. An average m of 0.18% per locus per generation was assumed.
c The 95% CI of the m estimate was taken into account in the calculation of the 95% CI ( ) for the coalescence
Ϫ4 Ϫ3
9.8 # 10 -3.1 # 10 estimates.
(table 2) provide an upper-limit estimate for the time when the populations carrying these HGs started to expand in size in the areas considered here. However, coalescencetime estimates must be interpreted with caution. Several factors-such as the distinctive demographic histories of the populations sampled and the diverse mutation rates of microsatellite loci among different Y-chromosome backgrounds (or HGs)-may distort estimates of age. Consequently, the history of this single locus is not necessarily the history of the population, because of drift, selection, or male-specific behavior.
Despite the important stochastic component of Y-chromosome diversity, clinal variation within Europe has been observed (Semino et al. 1996; Zerjal et al. 1997; Malaspina et al. 1998; Casalotti et al. 1999; Quintana-Murci et al. 1999; Hill et al. 2000; Rosser et al. 2000; Semino et al. 2000) , and the same trend seems to emerge from our data from Asia. The geographical distribution, observed clines, and estimated ages of HG-9 and HG-3 chromosomes in southwestern Asia all support a model of demic diffusion of early farmers from southwestern Iran-and nomads from western and central Asia-into India, bringing the spread of genes and culture (including language) to southwestern Asia. Although alternative, more complex explanations are possible, the analysis of the modern male-specific gene pools in these populations suggests that major demographic events, involving migration and admixture, accompanied these important historical and linguistic events.
